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Gender trends in the repair of ruptured abdominal
aortic aneurysms and outcomes
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Background: This study evaluated gender-specific trends in the diagnosis and treatment of ruptured abdominal aortic
aneurysms (rAAAs) in the United States Medicare population.
Methods: The Medicare beneficiary database (1995 through 2006) was examined for patients with rAAAs using
International Classification of Diseaes, 9th Edition, Clinical Modification (ICD-9-CM) codes. Codes for endovascular
aneurysm repair (EVAR) were only available for the year 2000 forward, and thus, analysis of EVAR was limited to 2000
through 2006. Proportions were analyzed by 2 and continuous variables by t-test. Factors associated with 30-day
mortality and discharge home after surgery were analyzed by multivariate logistic regression. The effect of gender and
repair type (open or EVAR) on death and the probability of discharge to home after repair were also evaluated.
Results: The rate of hospitalizations per 100,000 Medicare fee-for-service beneficiaries for men decreased by 52% (from
40 to 19) and by 36% for women (from 11 to 7). The observed 30-day mortality rate was overall 7.7% higher for women
vs men. The mortality rate for women was higher by 8.9% for open repair and higher by 7.1% for EVAR vs men. Female
gender was associated with increased risk of death in multivariate analysis after controlling for age, year, and type of
procedure. Women were 9.8% less likely to be discharged to home after rAAA repair, regardless of the type of repair.
Conclusion: In addition to the fact that we have failed to realize a change in the number of women diagnosed with or treated
for rAAA, a significant gender difference remains in the outcomes after treatment for rAAA. This differential is present in both
the 30-day mortality rate and in the potential to be discharged to home after repair. (J Vasc Surg 2010;51:9S-13S.)Ruptured abdominal aortic aneurysm (rAAA) remains
among the most morbid diagnoses in vascular surgery.1
Without intervention, 30-day mortality rates are 90%.2 We
previously reported a significant decrease in the number of
patients who have a diagnosis of rAAA and undergo treat-
ment, without a corresponding change in repairs of intact
AAA.3,4 Our prior report revealed significant differences
between men and women diagnosed with rAAA and then
treated. We revisited the data to specifically inquire about
the effect of gender on specific outcomes of rAAA. We
evaluated the gender bias with respect to 30-day mortality
and the likelihood of being discharged to home after pro-
cedures for rAAA.
METHODS
Data sources and study population. The Medicare
Inpatient Standard Analytical files from 1995-2006 were
used to identify discharges with the International Classifi-
cation of Diseases, 9th Edition, Clinical Modification (ICD-
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doi:10.1016/j.jvs.2009.10.1299-CM) diagnoses code of 441.3 (aortic abdominal aneu-
rysm, ruptured, any position). The Medicare Inpatient
Standard Analytical file contains data on all Medicare-
reimbursed hospitalizations, except those delivered to ben-
eficiaries enrolled in Medicare-administered health mainte-
nance organizations (HMO). Approximately 10% of elderly
and disabled were enrolled in a Medicare HMO and were
not included in this study. The data were obtained from the
Center for Medicare and Medicaid Services through the
Research Data Assistance Center (resdac@umn.edu).
The Medicare Inpatient Standard Analytical file is a
national data set that is based on hospital discharge ab-
stracts. The data set includes patient demographics, admis-
sion type, discharge disposition, hospital and provider in-
formation, patient diagnoses (admitting, primary, and up
to 10 secondary diagnoses), procedures performed during
hospitalization (up to 6), and detailed charge data. The
Inpatient Standard Analytical files were supplemented with
Medicare Denominator files from 1995 through 2006. The
Denominator file contains demographic, geographic, and
vital status data on all Medicare beneficiaries as well as an
indicator of HMO participation. The number of patients
enrolled in a Medicare HMO or a fee-for-service program,
gender distribution by year, and patient date of death were
derived from Denominator files.
This analysis included patients who had an ICD-9-CM
diagnosis of rAAA in any position. Patients with rAAA were
divided into open and endovascular repair (EVAR) based
on ICD-9-CM procedure codes as described earlier.3
Codes for EVAR were only available for the fourth quarter
of year 2000 forward; thus, analysis of results of EVAR for
rAAA was limited to 2000 through 2006.
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charges and number of AAA repairs were calculated by divid-
ing the total number of discharges with rAAA diagnoses or
procedures, respectively, byMedicare population enrolled in a
fee-for-service program. Univariate analyses were conducted
using t-tests for continuous variables and 2 or Fisher’s exact
test, where appropriate, for dichotomous variables. Multivar-
iate logistic regressions were used to analyze predictors of
30-day mortality and discharge home after surgery. Consid-
eration was given to the unequal age distribution across gen-
ders and was adjusted for in the regression models. Odds
ratios (OR) are adjusted for age, gender, and year of surgery.
Results of the multivariate logistic regression are presented as
regression coefficients and the corresponding P value, and
ORs with the appropriate 95% confidence limits (CL). Values
of P  .05 were considered significant. All statistical analyses
were performed using SAS 9.1 software (SAS Institute Inc,
Cary, NC).
RESULTS
During the 12-year period from 1995 to 2006, there
were 53,000 hospitalizations of men and 21,000 hospital-
izations of women for rAAA. Of this cohort, 39,000 men
and 12,000 women underwent intervention for rAAA.
Women were slightly older than men (79.9 vs 76.4, P 
.0001). The rate of hospitalizations per 100,000 Medicare
fee-for-service beneficiaries decreased from 40 to 19 (52%)
for men but only from 11 to 7 (36%) for women. Decreases
were similar in the number of men and women per 100,000
Medicare fee-for-service beneficiaries who underwent re-
pair for rAAA: from 29 to 14 for men and from 6 to 4 or
women. The percentage of patients who were diagnosed
with rAAA and subsequently underwent repair was signifi-
cantly different between men (73.2% 0.98%) and women
(56.0%  1.44%), and the ratio over time for women did
not change.
For the current report, we evaluated the effect of both
gender and mode of rAAA repair on death and the proba-
bility of being discharged to home after the procedure. The
overall 30-day mortality of 52.9% in women was 7.7%
higher than the 44.1% in men. The difference in 30-day
mortality betweenmen andwomen in the EVAR groupwas
less than in the open cohort, but this difference remained
significant (Fig 1). Multivariable analysis of risk factors for
the 30-daymortality associated with rAAA hospitalizations,
both open and EVAR options, show the outcomes for
women are worse than for men, even after controlling for
age and year of surgery (Table I).
We also evaluated the trend of returning home after
intervention for rAAA. In the most recent year of analysis,
10% of women were discharged to home after open repair
for rAAA compared with almost 17% of men. Furthermore,
there was a decrement in the percentage of both men and
women discharged to home after open repair during the
study period.
The hypothesis that EVAR is a less morbid procedure
may be supported by these data: 22% of women were
discharged to home after EVAR for rAAA in the mostrecent year in the study period, but this is still less than the
30% rate for their male counterparts (Fig 2). Multivariable
analysis (Table II) shows that women are less likely to be
discharged home than men overall and regardless of
mode of intervention. Furthermore, each additional year
of age reduces the probability of discharge to home.
DISCUSSION
Our prior analysis demonstrated a significant decrease
of 52% in the trend of men admitted with rAAA, with a 32%
Fig 1. Trend in 30-day mortality is shown after (A) open and (B)
endovascular repair (EVAR) of ruptured abdominal aortic aneu-
rysm by gender.
Table I. Multivariable analysis was conducted of factors
that affect the 30-day mortality rate after ruptured
abdominal aortic aneurysms (rAAAs)
Factor Coefficient OR (95% CL) P value
All rAAA
hospitalizations
Women 0.42 1.53 (1.47, 1.58) .0001
Year 0.02 0.98 (0.97, 0.98) .0001
Age 0.07 1.08 (1.07, 1.08) .0001
Open repair
Women 0.17 1.18 (1.15, 1.21) .0001
Year 0.001 1.00 (0.995, 1.003) .589
Age 0.07 1.074 (1.072, 1.076) .0001
Endovascular repair
Women 0.52 1.68 (1.48, 1.90) .0001
Year 0.14 0.87 (0.83, 0.91) .0001
Age 0.06 1.06 (1.05, 1.07) .0001
CL, Confidence limits; OR, odds ratio.change in the number of admissions of women. The age of
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inmen by about 3 years. However, womenweremore likely
than men to survive into their 90s, given that the average
lifespan of a woman is currently 5 to 7 years longer than that
of a man.5
In addition to a gender differential in the diagnosis of
rAAA, there is also a gender differential in the percentage of
patients who came to intervention for rAAA. Men were
much more likely to undergo repair than women. Our
findings paralleled study of a 5% sample of Medicare data in
Fig 2. Trend in the percentage of patients discharged to home is
shown after (A) open and (B) endovascular repair (EVAR) of
rAAA by gender.
Table II. Multivariable analysis was conducted of factors
that affect the probability of discharge to home after
ruptured abdominal aortic aneurysms (rAAAs)
Factor Coefficient OR (95% CL) P value
All rAAA
hospitalizations
Women 0.5754 0.56 (0.53, 0.59) .0001
Year 0.0407 0.96 (0.955, 0.966) .0001
Age 0.0774 0.93 (0.92, 0.93) .0001
Open repair
Women 0.5503 0.58 (0.54, 0.61) .0001
Year 0.0621 0.94 (0.93, 0.95) .0001
Age 0.0807 0.92 (0.91, 0.93) .0001
Endovascular repair
Women 0.4879 0.61 (0.48, 0.79) .0001
Year 0.0256 1.03 (0.97, 1.09) .3887
Age 0.0642 0.94 (0.93, 0.95) .0001
CL, Confidence limits; OR, odds ratio.which the reduction in rAAA repairs from 1994 to 2003was more pronounced in men (29.3% decrease) than in
women (12.2% decrease).6
This gender gap in the percentage of patients who
underwent intervention has been observed in other stud-
ies.7,8 In a longitudinal study of patients admitted to a
single institution, men were more likely (OR, 2.214; P 
.0001) to undergo AAA repair than women.9 Other groups
have hypothesized multiple reasons why patients might
choose to undergo repair, ranging from patient wishes to
extreme clinical presentations.9 Some of these reasons are
gender-specific, including factors such as a higher preva-
lence of smoking among women with rAAA and a higher
age.3,6
Our current and previous reports reinforce a large
gender differential after repair of rAAA. The average mor-
tality rate after repair of rAAA inmen was 44.1% vs 52.9% in
women. A study of the Western Australia Health Services
Research Database found that 59% of men but only 50% of
women diagnosed with rAAA were admitted to the hospi-
tal. Of those admitted, only 37% of women underwent
operation compared with 63% of men. The overall mortal-
ity rate from rAAA was 90% in women and 76% in men.10
Of all patients admitted to Michigan acute care hospi-
tals from 1980 through 1990, the rate of hospitalization
per 100,000 population with principal diagnoses of rAAA
was 22.6 for men and 4.5 for women.8 The final year of
analysis in Katz et al8 was 1990, and there were 22.6 men
per 100,000 capita diagnosed with an rAAA. In the first
year of our prior analysis, 1995, we identified a similar
number of 23.3 per 100,000 capita. In stark contrast with
our data, however, Katz et al8 failed to identify any change
during the 10 years studied. Differences between the two
studies include a narrow definition of AAA and an earlier
time period.
Our more recent time frame included patients who
underwent EVAR, which has a lower mortality rate com-
pared with open repair (Fig 1). This reduction became
more pronounced during the course our current study,
potentially representing the effect of increased experience
with the technique in the setting of rAAA. The higher
mortality rate observed in women after rAAA treatment is
also seen after intact AAA repair.6 In our current report, the
gender differential is more pervasive than just the mortality
rate, and the difference persists despite the type of repair.
Women were almost 10% less likely to be discharged to
home after open repair for rAAA compared with men.
When corrected for age and year of study (Table II), this
difference is even more pronounced: 44% less than for men
overall, 42% less after open repair, and 39% less after EVAR.
Despite the less-invasive nature of EVAR, the differen-
tial is of a lower magnitude overall but remains almost 10%
less for women than for men. In addition, the overall
percentage of those being discharged to home during the
study period was reduced in both men and women. Where
this reduction comes from is unclear. It may represent an
overall more morbid patient cohort referred for repair or a
lower threshold to refer patients to extended care facilities
postoperatively. The reduction in discharge to home for
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study period. The biggest gap observed between the likeli-
hood of being discharged to home after EVAR by gender
was 16.3% in 2003, which was only a 5% difference than the
possibility of being discharged home after an open repair.
Therefore, the benefits of EVAR over open repair are only
incompletely realized, because patients who are discharged
to home after any repair remain a minority (and more so
women) of all patients. One limitation of the current study
was that late return to home was not assessed, and we
cannot comment on any differences in disposition after
rehabilitation or intermediate care facilities.
The gender bias of rAAA begins with our understand-
ing of the true prevalence of AAA, which is ambiguous.
Although autopsy studies document a 2.25% rate of AAA in
women and 3.6% in men, surveillance studies and epidemi-
ologic studies have a ratio of 4.3- to 5-fold in men com-
pared with women.11-14 These differences in prevalence
may also prejudice observed outcomes. A registry study
found that gender did not have an effect on the early or late
results after repair of intact AAAs or rAAAs. This may differ
from the literature due to sampling differences, because the
proportion of women in surgical series is generally less than
the number sampled in autopsy or imaging studies, hospital
discharge data, and national mortality information.2
Biologic factors may contribute to the differences seen
in clinical outcomes. Compared with men, women have
smaller arterial diameters. In population and magnetic res-
onance imaging-based studies of infrarenal aorta diameters,
women consistently have smaller diameters than men.
These data suggest that an aneurysm should be defined at
3.0 cm in men and 2.7 cm in women.15,16 The aneurysms
of women have also been noted to rupture at a significantly
smaller size than men,17 the arteries of women are less
compliant than in men, and women have higher heart rates
and increased pulse pressure with aging than men.18,19
Mechanical properties of the aorta are also different in men
compared with women. There is a trend toward a decrease
in tensile strength in the aortas of women compared with
men.20
Despite mechanical and hemodynamic differences that
would favor more aggressive rupture characteristics, animal
models may suggest a protective effect of gender. This may
be due to the age of the study animals, as opposed to the
postmenopausal age of most women with aneurysmal dis-
ease and would suggest a protective role for hormones.21
Regardless of the source of the difference observed
between men and women, we need to investigate how to
decrease the incidence of rAAA in women and to ensure
that when women are admitted for rAAA, they are treated
equally. Reasons for the discrepancy in rates of treatment
may include that women are older at the time of presenta-
tion for rAAA. Our previous analysis shows only a 3-year
difference, which would argue against age being a signifi-
cant consideration. Clinical presentation may differ: 50% of
deaths from rAAA in women occurred outside the hospital
compared with 30% of deaths from rAAA in men. The rate
of refusal of intervention may also differ.8,22-25 Given themultiple studies documenting a higher mortality rate in
women than in men, clinicians may perceive different out-
comes and be less inclined to operate on women.
Certain limitations are associated with the use of large
data sets. Diagnosis codes are broad and provide limited
detail about the specific disease state, which makes it diffi-
cult to identify comorbid conditions.26 The single biggest
limitation important to the analysis of the current data set is
the lack of information on patient anatomy. We were not
able to identify which of these patients had complex iliac
arteries, juxtarenal anatomy, or the size of the aneurysms
treated. However, the large sample size in these adminis-
trative databases provides a substantial advantage.
Although 30-day mortality and the potential to be
discharged to home are both worse for women than for
men, minimally invasive therapy for rAAA with EVAR has
the potential to modulate this negative trend because gen-
der has not been consistently associated with worse out-
comes after elective EVAR.27 Women may have more
complex anatomy than men, making them less likely to be
offered EVAR and more likely to have complex open
repairs. Nevertheless, none of these limitations seems suffi-
cient to deter an attempt at aneurysm repair in women with
rAAAs considering that the alternative is death.
CONCLUSION
Despite overall improvements in mortality rates and the
addition of minimally invasive options, even for rAAA, our
success in the treatment of aneurysms has been confined
only to men. We need to make improvements in how we
study women. The discrepancy observed between autopsy
and surveillance studies illustrates the need to have a better
understanding of the true prevalence of aneurysmal disease
in women. Despite some recommendations that women
should not be screened, the Society for Vascular Surgery
and the Society for Vascular Medicine and Biology have
agreed that women with any risk factors should undergo
screening for the presence of an aneurysm.28,29
The question about when to intervene in women may
be harder to answer. The smaller numbers seen in clinical
studies leads to a loss of power in decision making. In
addition, large data sets, such as the one used in the current
report, often do not include details such as aortic diameter.
From the existing data, it does appear that shifting the
diameter at which women undergo intervention is war-
ranted. We may be using an incorrect threshold when
recommending aneurysm repair in women: aneurysms in
women rupture at a smaller size than in men,20,30 and the
mean diameter of rAAAs was smaller in women compared
with men.17
Despite the inherent limitations in the use of a large
administrative data set, we identified an insidious difference
in the diagnosis, intervention, and outcomes from rAAAs in
women compared with men.
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